ABSTRACT: In order to get the economic epoxy asphalt (EA) with good pavement performance, mix some Thermoplastic matrix asphalt in different types and mass ratio in the domestic-made epoxy asphalt, then carry on the mix design of the mixed material mixture, and calculate the optimum asphalt-aggregate ratio. The performance of mixture was analyzed by Marshall test, split test, low-temperature bend test, and wheel tracking test. The results show that the basic mechanical performance of MEA mixture still meets the requirements technology standard of EA mixture and MEA mixture has excellent tensile strength, water stability and high temperature stability, and its deformation and low temperature crack resistance performance were strengthened.
INTRODUCTION
Due to the special characteristics of the steel bridge deck pavement, its request for asphalt mixture is higher than the pavement, which should have enough flexibility, excellent stability and anti-crack ability [1] . Theoretical research and engineering practice show that the epoxy asphalt mixture has advantages of temperature stability, high strength, good toughness, excellent fatigue resistance and water stability, interlayer strong binding capacity of strong corrosion resistance, etc.. [2] But the complex technology and the expensive cost of epoxy asphalt have a negative influence on its promotion.
At present, the research on the properties of epoxy asphalt and its mixture has achieved fruitful results [3] [4] [5] . Many researchers mixed other ingredients in the epoxy asphalt to improve the performance of mixture. The existing research results show that mixing epoxy asphalt mixture with polyester fiber can increase its flexibility and toughness [6] , and improve its low temperature anti-cracking performance and fatigue resistance; low temperature performance of epoxy asphalt mixture can be improved when epoxy asphalt is mixed with rubber powder [7] . But the study is relatively insufficient about the thermoplastic matrix asphalt mixed with epoxy asphalt. Herrington [8] mixed epoxy asphalt with thermoplastic matrix asphalt when he studied the performance of big-interspaced epoxy asphalt mixture. The results show that even if the percentage of epoxy asphalt was diluted to 25% only, and its performance is still better than in the ordinary asphalt concrete.
The research shows that in the two-phase structure of epoxy asphalt, the asphalt particles mainly play the role of toughening and plasticity [9] . The content of matrix asphalt is increased appropriately, resulting in the enhancement of the overall flexibility and low temperature crack resistance of epoxy asphalt. However, when the amount achieves a certain extent, acting as a plasticizer, the strength and thermal deformation temperature of epoxy asphalt will be decreased, and the high temperature stability of that will become worse; when the amount is too high, even phase transformation occurs in the system, the mixture performance gets closer to that of ordinary asphalt. In order to reduce the economic cost of epoxy asphalt in application, mixing thermoplastic matrix asphalt is bound to affect the material mechanical properties of epoxy asphalt, and then affect the performance of the mixture. This paper through the Marshall test, the indirect cracking, low temperature bending and rutting test to analyze the mechanical properties, and the change rule of pavement performance of MEA mixture, so as to ensure its excellent pavement performance in the appropriate proportion of thermoplastic matrix asphalt, and simultaneously improve the deformation properties and low temperature crack resistance, which can reduce the cost.
MIX DESIGN OF MEA MIXTURE

Determination of mineral aggregate gradation
According to existing research results on EA concrete pavement materials in steel bridge surface, basalt aggregate and limestone mineral powder are selected as mineral aggregate. Considering the anti-fatigue performance, waterproof performance and strength characteristics, mineral aggregate gradation adopts dense graded type. According to the results of screening test, calculate the proportion of various materials to obtain the mineral aggregate gradation, as shown in Table 1 above.
Determination of the optimal amount of asphalt
Marshall designed method are adopted to determine the optimal asphalt-aggregate ratio of MEA mixture. In order to study the type of thermoplastic matrix asphalt and dosage effect on performance of MEA mixture, 70# asphalt with high viscosity in southern area and 90# asphalt in northern area where has high requirement of low-temperature cracking are chosen from Thermoplastic matrix asphalt. Considering that the higher mixing amount of matrix asphalt will reduce the economic cost of epoxy asphalt which greatly influences its excellent performance, only the 70# and 90# asphalt with the mixing amount (mass ratio) of 10%, 20%, and 30% are chosen to mix and EMA binder in different types is obtained. During mixing process, in order to avoid the incorporation of the former component A and B (the mass ratio of component A and B is 1 : 4.2) which may cause curing reaction, firstly mix matrix asphalt in component B, and then blend with component A. In the experiment, as the range of the amount of asphalt is 5.5%~7.5%, the MEA binder is weighed at interval of 0.5% and then mixes well with mineral aggregate to shape the Marshall specimens. Each MEA binder is made into five groups of specimens, three of each group are chosen for parallel test to their physical mechanical indexes, including height, dry weight, water weight, dry weight, stability and flow value, and then calculate the bulk density and porosity of MEA mixture. Comprehensively consider the stability and flow value, draw a relation curve of various physical and mechanical indexes and asphalt aggregate ratio. According to the Highway Asphalt Pavement Construction Technology Standard (JTG F40-2004), finally calculate the optimum amount of asphalt for different MEA mixture, and the results are shown in Figure 1 .
It can be seen from Figure 1 that, whether mixed 70 # asphalt or asphalt 90#, with the increasing of the blending ratio, the optimum amount of asphalt of MEA mixture decreased gradually. When the mixing amount reached 30%, the optimum asphalt-aggregate ratio of EA mixture decreased from 6.55 % to 6.42% and 6.40%. The main reason is that EA had higher strength and strong adhesion to mineral aggregate, which makes the structural asphalt membrane after combination of epoxy asphalt and mineral aggregate thicker than that of normal matrix asphalt. When the surface area is the same, the mineral aggregate will combine with more epoxy asphalt, and then when the matrix asphalt is added, the formed structural asphalt membrane is thin, which shows the optimal dosage of asphalt are decreased at macro level. In addition, the density of ordinary asphalt is slightly lower than epoxy asphalt. Under the condition of the same volume, the quality of MEA binder mixed with matrix asphalt is reduced, which slightly lower the proportion of MEA binder in mixture. 
BASIC MECHANICAL PROPERTIES OF MEA MIXTURE
Marshall stability test
Marshall stability test is one of the most commonly used methods for testing the compressive strength index and compressive deformation performance of Figure 2 and Figure 3 . With the increase of mixing amount of matrix asphalt, the stability index of MEA mixture gradually decreased, the decreasing magnitude of that mixing with 90# asphalt is higher than that mixing with 70# asphalt. When the mixing amount of 70# asphalt reaches 30%, the decreasing magnitude of stability is 7.5%; when the mixing amount of 90# asphalt reaches 30%, the decreasing magnitude is 20%. Flow value index is relatively close to the upper limit, which doesn't show obvious change law. Due to the excellent compression performance of EA mixture, when mixed with less proportion of matrix asphalt, the stability of MEA mixture decreased, but still at a very high level.
Indirect tensile test
Indirect tensile strength of asphalt mixture can be tested by splitting test. Shape standard Marshall test piece according to the split test procedure, and test the indirect tensile index of MEA mixture mixing with different amount of matrix asphalt at the loading rate of 50mm/min, the temperature controlling under 15± 0.5°C. The results are shown in Table 2 .
As can be seen from Table 2 , compared to the EA mixture, its splitting tensile strength decreased with the increase of the mixing amount of matrix asphalt, and the maximum decreasing amplitude was 11.2% and 14.4%. The tensile strain increased, and the maximum increasing amplitude was 9.8% and 13.7%, which shows the mixing matrix asphalt has a certain degree of improvement on the deformation performance of the mixture. The damage stiffness modulus is a function of tensile strength and tensile strain, and the results showed that it decreases with the increase of the mixing amount of asphalt, and the maximum range was 18.4% and 24.7% respectively. The rangeability of each index of MEA mixture mixing with 70# matrix asphalt is slightly lower than that mixing with 90# matrix asphalt. In spite of the change of the parameters, the MEA mixture still has excellent tensile strength and deformation properties.
Flexural-tensile test
Under the action of the vehicle load and external environment, the steel bridge deck will be frequently bending deformation, which makes the paving layer suffer the flexural-tensile function repeatedly, so the flexure-tension resistant performance is an important index of paving materials. The three-point bending beam test is adopted in this section to test the flexural characteristics of MEA mixture and the evaluation indexes include flexural tensile strength, bending failure strain and bending stiffness modulus. The size of the beam is 250mm×35mm×30mm, and the three point loading span is 200mm. The UTM-25 universal tester is used, the test temperature is 15°C, and the loading speed is 50mm/min. The three-point bending beam test is shown in Figure 4 and the results of the experiment are shown in Table 3 . Analyze the data in Table 3 and then we can obtain that, with the increasing mixing proportion of matrix asphalt, the flexural tensile strength decreases gradually while the flexural tensile strain increases. When the mixing amount reached 30%, the flexural tensile strength of MEA asphalt mixture mixing with 70# asphalt decreased by 18.9%, and the flexural tensile strain increased by 24%, and those of MEA mixture mixing with 90# asphalt are 17.6% and 12.1% respectively. It is clear that the incorporation of matrix asphalt reduce the bending tensile strength of EA mixture, while the deformation ability is improved. The comprehensive manifests that the bending stiffness modulus decreases significantly with the increase of the mixing amount of asphalt, which is decreased by 34.6% and 26.5% respectively, when the amount reaches 30%.
STABILITY AND DURABILITY OF MEA MIXTURE
Cracking resistance under low temperature
Low temperature cracking resistance of asphalt mixture refers to the ability of resisting crack caused by low-temperature shrinkage. As asphalt mixture has temperature sensitivity, when the temperature decreases, its strength and modulus will increase, and its deformation capacity will significantly attenuate, which result in brittle failure. The strength and modulus of EA mixture at low temperature are much higher than that of common asphalt mixture, while the deformation ability is relatively weak. When mixed with thermoplastic matrix asphalt, the rigidity of the mixture is weakened to a certain extent, while the low-temperature deformation ability may be enhanced. Select trabecular low-temperature bending destruction test [10] to investigate the low temperature cracking resistance of MEA mixture with different matrix asphalt content. Shape the track plate according to the rutting test method, which cut into small pieces with the size of 300mm×35mm×30mm after curing completely. UTM-25 universal tester is used, temperature is controlled on -10°C, and the loading rate is 50mm/min. According to the load-deflection curve, the bending tensile strength, flexural tensile failure strain and bending stiffness modulus of the mixture is calculated, and the calculated results are shown in Figure 5 . Due to the thermoplastic matrix asphalt under low temperature has characteristics of low strength high deformation, when the EA mixes with thermal plastic matrix asphalt, the qualitative change of mixture result in the decrease of low temperature flexural tensile strength of MEA mixture with the increase of the mixing ratio, while the bending deformation showed an increasing trend. Bending stiffness modulus decays gradually with the increasing of mixing amount. When the mixing amount reached 30%, it decreased by 27.7% and 31.3%. The incorporation of thermoplastic matrix asphalt reduced the mixture's strength at low temperature, but it increased the deformation capacity of the low temperature. The flexural tensile strength of MEA asphalt mixture mixing with 70# asphalt is lower than that of 90# asphalt, and the bending failure strain is lower than that of the latter.
Water stability
Because by the action of water, steel deck between the layers of the bond tends to weaken, and deck in case of water and is easy to corrode, thereby affecting the durability of bridges, which requires steel deck pavement should have more excellent water stability than the ordinary pavement. Mechanical characteristics of MEA mixture were evaluated by vacuum immersion freeze-thaw split test. The shaped Marshall test specimen are vacuumized after curing, successively soaked in a water bath at normal temperature for 2h, and placed in the -18°C low-temperature environment for 16h, in water baths at the 60°C constant temperature for 24h, in warm water bath for 2h, to test freezing-thawing split-strength. In combination with the splitting strength of the non-frozen thawed specimens, the ratio of the freeze-thaw splitting strength was calculated. The results are showed in Table 4 .
The test results showed that, for the MEA mixture mixing with different proportions of 70# asphalt, freeze-thaw splitting strength is about 5.0MPa, and relative to the EA, the maximum decreasing amplitude is 14%. For that mixing with 90# asphalt, the freeze-thaw splitting strength decays gradually with the increasing mixing amount, the maximum is 20%, and the decay rate is higher than that of MEA mixture mixing with 70# asphalt. Whether mixed with 70# or 90# asphalt, the freeze-thaw frightful strength of MEA mixture is slightly lower than that of the non-frozen thaw splitting strength, and TSR decays with the increase of the content. TSR meets the requirements of more than 80% of the specification. The results of freeze-thaw splitting test show that the water stability of MEA mixture is excellent.
High temperature stability
High temperature stability of asphalt pavement structure refers to the ability to resist permanent deformation under the action of the vehicle load. High temperature rutting test was used to investigate the high temperature stability of MEA mixture to study the influence of the incorporation of thermoplastic matrix asphalt on the high temperature stability of EA. According to the rules, shape the test pieces in the size of 300mm×300mm×50mm, through the rutting test instrument for testing in environment at 60°C, and 0.7MPa wheel pressure. Results of rutting test are shown in Table 5 .
The cumulative deformation under 60min of MEA mixture is very small, with the matrix asphalt content changes, cumulative deformation under 60min changes very little, and high temperature stability of MEA mixture is very good.
CONCLUSIONS
MEA mixture has excellent tensile strength, and the incorporation of thermoplastic matrix asphalt can improve the deformation performance of EA mixture; The incorporation of thermoplastic matrix asphalt improves the low temperature deformation ability and low temperature crack resistance of EA mixture; MEA mixture has excellent water stability, the mixture in the rutting test, 60min accumulated deformation is very small, and high temperature stability is very good. 
